BACKGROUND AND OBJECTIVE: Although many treatments have been studied in children with autism spectrum disorders (ASDs), less attention has focused on interventions that may be helpful in adolescents and young adults with ASD. The goal of this study was to systematically review evidence regarding medication treatments for individuals between the ages of 13 and 30 years with ASD.
Core symptoms of autism spectrum disorders (ASDs), including impairments related to social communication and restricted/repetitive behaviors and interests, typically affect individuals throughout their life span, although developmental expression may vary. 1 Given the lifelong nature of ASD, most individuals are exposed to multiple interventions addressing different target symptoms. In contrast to behavioral treatments, which may target core symptoms, medication treatments are primarily directed toward associated symptoms in individuals with ASD. As part of a systematic review of therapies for adolescents and young adults (ages 13-30 years) with ASD, we reviewed the literature on medication treatments used to target associated symptoms. Information on other therapies (eg, behavioral, educational, allied health) addressed in the full review can be found at http://www. effectivehealthcare.ahrq.gov.
METHODS

Search Strategy
We searched Medline via the PubMed interface, PsycINFO (psychology and psychiatry literature), and ERIC (educational literature) from 1980 to December 2011 by using relevant controlled vocabulary terms and key terms related to ASD (eg, autistic disorder) and therapy (eg, therapeutics). We also handsearched the reference lists of all included articles and of recent narrative and systematic reviews related to therapies for ASD to identify potentially relevant articles.
Study Selection
Study inclusion and exclusion criteria were developed in consultation with an expert panel of clinicians and researchers involved in ASD. All study designs were included, and we required that studies include at least 20 participants with ASD between 13 and 30 years of age. Two investigators independently reviewed each study against the inclusion criteria (Table 1) with disagreements resolved through adjudication by a senior investigator.
We also required that studies be published in the year 1980 or later (after the publication of standardized diagnostic criteria for ASD in the Diagnostic and Statistical Manual of Mental Disorders, Third Edition).
Data Extraction
Using standardized forms, 2 investigators independently extracted data regarding study design; descriptions of the study populations, intervention, and comparison groups; and baseline and outcome data, as well as data about adverse events. Data on the conduct and timing of assessments were also captured to inform the assessment of quality. Principal outcomes of interest included effects on core symptoms of ASD and comorbid symptoms and conditions, including sleep, anxiety, hyperactivity, and challenging behavior(eg, irritability/ agitation), as well as effects on familyrelated outcomes.
Study Quality Assessment
Two investigators independently assessed each study by using a quality assessment form developed by the review team with input from experts in the field and adapted from a previous Agency for Healthcare Research and Quality review of therapies for children with ASD. 2 We evaluated the following elements with a series of yes/no questions in each domain (eg, "Were outcomes coded and assessed by individuals blinded to the intervention status of the participants?"): study design, diagnostic approach, participant ascertainment and characterization, intervention description, outcomes measurement, and statistical analysis.
Disagreements between assessors were resolved through discussion to reach consensus. Overall assessment of quality was determined with a prespecified algorithm that is available in the full report.
The strength of evidence of the current research was assessed by using methods established in the Agency for Healthcare Research and Quality Effective Health Care Program' s Methods Guide for Effectiveness and Comparative Effectiveness Reviews. 3 Assessments are based on consideration of 4 domains: risk of bias, consistency in direction of the effect, directness in measuring intended outcomes, and precision of effect ( Table 2 ). We determined the strength of evidence separately for major interventionoutcome pairs by using a prespecified approach described in detail in the full review.
Data Synthesis
Given considerable heterogeneity in the interventions and outcome measures used in studies meeting our inclusion criteria, we did not conduct any metaanalyses. Characteristics of study populations and interventions were summarized, and descriptive statistics were used to report study outcomes. Figure 1 outlines the flow of articles retrieved for the review. The original literature search was conducted for a broad review of all interventions for adolescents and young adults with ASD, although only studies of medications are included in this analysis. As noted in Fig 1, studies were most commonly excluded based on sample size, population, and lack of relevance to the questions addressed in the review. Eight unique studies addressed medications in adolescents and young adults with ASD. Of these, 5 were randomized controlled trials (RCTs) and 3 were case series. We located 3 studies addressing antipsychotic medications 4-6 ; 5 studies addressing serotonin reuptake inhibitor (SRI) medications 5,7-10 ; and 1 study addressing the opioid receptor antagonist naltrexone. 11 Tables 3 and 4 summarize study characteristics and key results.
RESULTS
Antipsychotic Medications
One fair-quality RCT of risperidone 6 included adults with autistic disorder or pervasive developmental disorder-not otherwise specified. The mean 6 SD age of the 31 individuals who began the trial was 28.1 6 7.3 years, and mean full-scale IQ was 54.6 6 23.9. Only 24 participants completed the trial. The experimental design was a 12-week, randomized, doubleblind, placebo-controlled phase followed by a 12-week, open-label risperidone treatment phase for individuals from the placebo group. Participants discontinued all psychiatric medications for .4 weeks before the trial started. Risperidone dosing could have ranged from 1 mg to 10 mg/day over the course of the study; the highest end dose was 6 mg/day. The primary outcomes were global improvement, repetitive behavior, aggression, and social relatedness. Participants with a Clinical Global Impression of Improvement (CGI-I) score of "much improved" or "very much improved" were considered responders.
Fifty-seven percent (8 of 14 participants) were considered responders in the risperidone group, whereas none (0 of 16) in the placebo group were responders (P , .002). 6 Aggressive behavior improved over time (P , .001) for the risperidone group compared with the placebo group. This result was consistent with improvements over time in the open-label phase (P , .05). Repetitive behavior improved over time (P , .001) for the risperidone group compared with the placebo group at each time point. This result was consistent with improvements over time in the open-label phase (P , .03). Symptomatic improvements for the risperidone group compared with placebo were significant over time for sensory motor (P , .004), affectual reactions (P , .001), and overall score (P , .05). Differences for social relationships, sensory responses, or language were not significant.
These results were largely consistent with the improvements over time in the open-label phase. 6 Scores on clinicianrated visual analog scales were significantly decreased in the risperidone group compared with the placebo group for "anxious or nervous" (P , .02), "depressed" (P , .03), and "irritable" (P , .01). There were no significant differences for "calm," "eye contact," "happy," "restless," "social interaction," "talkative," or "tired." Sedation was the most prominent adverse event. Seven participants did not complete the trial (3 in the risperidone arm and 4 in the placebo arm), with 6 participants dropping out due to lack of improvement or agitation, and 1 participant in the risperidone arm with abnormal gait. Original research studies that provide sufficient detail regarding methods and results to enable use and adjustment of the data and results Patient populations must include adolescents or young adults Ć(13-30 years of age) with ASD or families/caregivers of Ćindividuals with ASD between the ages of 13 and 30 years Studies must address 1 or more of the following: (1) Ćtreatment modality aimed at modifying ASD core symptoms, Ćcommon comorbidities, family-related outcomes, or Ćassisting with transitional issues; and (2) A poor-quality crossover study addressed the safety and efficacy of risperidone in 40 children, adolescents, and adults with intellectual disability, 90% of whom had ASD. 4 Twenty-three (57.5%) of participants responded fully (defined as a 50% reduction in the Aberrant Behavior Checklist [ABC] Irritability/Agitation subscale score). Symptoms on the Neuroleptic Side Effects Checklist that were the most significant (P , .001) with treatment included drowsiness, weight gain, and increased appetite. Mean weight gain during the entire study was 8.3 kg for adolescents and 6.0 kg for adults.
A fair-quality crossover study 5 investigated the efficacy of haloperidol for the treatment of autism. The study design was a double-blind, placebo-controlled, crossover with random assignment to 7-week phases of haloperidol, clomipramine, and placebo (clomipramine results are summarized in the following SRI discussion). Haloperidol dosing started at 0.25 mg at bedtime and increased in 0.25-mg increments every 2 days until the dose was 0.50 mg twice daily; further 0.25-mg adjustments were then made every 3 to 4 days on the basis of clinical assessment. The dose was reduced to the last dose tolerated if adverse events were experienced. There was a dosage taper during week 7 of each phase, and 1-week placebo washout periods between each phase. No other psychotropic drugs were allowed except benztropine.
Of the 37 participants recruited, 36 (mean age: 16.3 years) were included in final analyses. 5 The mean daily dose of haloperidol was 1.3 mg. The mean duration of haloperidol treatment was 5.8 weeks, with 23 (69.7%) of 33 participants completing the 7-week treatment phase. Seven of 10 participants who discontinued had adverse events, including fatigue (n = 5), dystonia (n = 1), and depression (n = 1). The mean duration of placebo treatment was 5.4 weeks, with 21 (65.6%) of 32 participants completing the 7-week phase; 1 of 9 participants who discontinued had adverse events (nosebleeds). The other 8 participants discontinued due to lack of improvement in symptoms. Haloperidol versus placebo was significant for reductions in ABC Hyperactivity/Defiance scores (P , .05) but not for the other ABC subscales. The investigators noted that carryover of effects between phases may have affected results in this crossover design, especially with the short 1-week washout. Other comparisons between haloperidol and placebo were not discussed.
SRI Medications
Five studies of SRIs met our criteria. 5,7-10 One fair-quality RCT 7 investigated the efficacy of fluvoxamine in adults with autistic disorder. Participants were not receiving any psychotropic medications for at least 6 weeks before starting the trial. The study randomized participants to receive placebo or fluvoxamine initiated at 50 mg daily and increased 50 mg . On most measures of challenging behavior, the scores for the fluvoxamine group improved more than the scores for the placebo group. Adverse events in the fluvoxamine group included mild sedation (n = 2) and nausea (n = 3). There were no significant changes in anticholinergic effects, vital signs, routine laboratory analyses, or electrocardiogram results.
Another fair-quality study 5 used a doubleblind, placebo-controlled crossover design to investigate the efficacy of clomipramine and haloperidol for the treatment of autism. Investigators randomized participants to 7-week phases of haloperidol, clomipramine, and placebo. Clomipramine dosing started at 25 mg at bedtime and increased in 25-mg increments every 2 days until the dose was 50 mg twice daily; further 25-mg adjustments were then made every 3 to 4 days on the basis of clinical assessment. The dose was reduced to the last dose tolerated if adverse events were experienced. There was a dosage taper during week 7 of each phase and 1-week placebo washout periods between each phase. No other psychotropic drugs were allowed except benztropine. Of the 37 participants recruited, 36 (mean age: 16.3 years) were included in final analyses. The mean daily dose of clomipramine was 128.4 mg. The mean duration of clomipramine treatment was 4.5 weeks, with 12 (37.5%) of 32 participants completing the 7-week treatment phase; 12 of 20 participants who discontinued did so at least partially because of adverse events that included fatigue or lethargy (n = 4), tremor (n = 2), tachycardia (n = 1), insomnia (n = 1), diaphoresis (n = 1), nausea or vomiting (n = 1), decreased appetite (n = 1), and preexisting right bundle branch block (n = 1). The mean duration of placebo receipt was 5.4 weeks, with 21 (65.6%) of 32 participants completing the 7-week phase;
1 of 9 participants who discontinued had adverse events (nosebleeds). The investigators noted that carryover of effects between phases may have affected results in this crossover design, especially with the short 1-week washout period.
One poor-quality study 9 assessed the efficacy and tolerability of clomipramine by using a prospective openlabel case series design over 12 weeks. Of the 35 participants, 33 completed the study and were taking a mean dose of 139 6 50 mg. Of the 33 participants completing the trial, 18 (55%) were responders as determined based on the CGI-I score of very much improved or much improved. Clomipramine treatment significantly reduced (P , .001) repetitive thoughts and behaviors and aggression. Adverse events, including seizures, constipation, weight gain, and sedation, were reported in 13 individuals.
Another poor-quality, 12- week, openlabel prospective case series 8 investigated the efficacy and tolerability of sertraline. Of the 42 participants, 37 completed the trial. The mean sertraline dose was 122.0 6 60.5 mg. Of the 42 participants starting the trial, 24 (57%) were considered responders based on CGI-I score of very much improved or much improved. Five participants withdrew from the study: 3 due to anxiety/agitation, 1 due to syncope, and 1 because of noncompliance.
Finally, a poor-quality retrospective case series 10 studied the therapeutic effects and tolerability of fluoxetine and included 23 individuals with ASD (mean age: 15.9 6 6.2 years). CGI-S ratings of overall clinical severity improved in 15 participants, as did ratings of perseverative or compulsive behavior. Six of 23 participants experienced adverse events that "significantly" interfered with function or outweighed therapeutic benefits. Adverse events reported overall included agitation (n = 5), insomnia (n = 4), elated affect (n = 4), decreased appetite (n = 4), and increased screaming (n = 2).
Opioid Receptor Antagonist
One study of an opioid receptor antagonist met our review criteria. 11 This fairquality randomized, double-blind crossover study tested the efficacy and safety of naltrexone on self-injurious behavior and other autistic symptoms in intellectually disabled adults. Doses of concurrent medications, including antipsychotic agents, were held stable. The study randomized participants to receive naltrexone or placebo, with a 2-week, single-blinded placebo period followed by a single dose of naltrexone (100 mg) with placebo for the remainder of that week. This phase was followed by a 4-week treatment period, a 4-week washout period, and finally a crossover to the second 4-week treatment period. The first cohort received naltrexone 50 mg/day, but the dose for the second cohort was changed to naltrexone 150 mg/day. The primary outcome was selfinjurious behavior.
Of the 33 participants, 24 had autistic disorder. 11 Participants' mean age was 29 years, and IQ was not reported. Eleven participants were taking antipsychotic agents, with the dose held steady during the study. The single dose had no effect on the clinicianrated questionnaire, direct observation, self-injurious behavior, or plasma b-endorphins. Plasma cortisol was significantly increased (P = .006) with naltrexone compared with placebo.
Longer-term treatment (4 weeks) with naltrexone resulted in a significant increase in stereotypy as measured by using the ABC Stereotypy subscale. 11 No changes in any of the other outcome measures were significant. The study did not report comparative statistics, but the CGI-I scale indicated that placebo was superior to 50 mg/day of naltrexone in 12 of 18 participants. The CGI-I scale also found that 50 mg/day of naltrexone was better than placebo in only 4 of 18 participants, whereas placebo was superior in 12 of 18 participants. The CGI-I scale also showed that 150 mg/day of naltrexone was better than placebo in 5 of 14 participants, whereas placebo was superior in an equal number of participants (5 of 14). There were no significant correlations between behavioral changes after the single dose of 100-mg naltrexone and the 4-week treatments with naltrexone (50 or 150 mg).
Further analyses with groups divided into participants with concurrent antipsychotic use and participants without such use did not yield any significant effect for naltrexone versus placebo. 11 Adverse events included 1 subject with an acute increase in self-injurious behavior, 1 subject with nausea and tiredness, and 3 participants with sedation. Liver function test results remained within normal ranges.
DISCUSSION
Assessment of the Literature
The use of medications in adolescents and young adults with ASD is extremely common. 12 However, few data address the effectiveness and harms of medications specifically in this population. Of the 8 studies identified for this review, most focused on the use of medications to address specific challenging behaviors (ie, aggression or irritability). Four studies were fair quality, 5-7,11 and 4 were poor. 4, [8] [9] [10] The most consistent findings were identified for antipsychotic medications. An RCT studying risperidone found improvements in aggression, repetitive behavior, sensory motor behaviors, and overall behavioral symptoms. 6 A crossover study of risperidone also showed a significant reduction of irritability/ agitation ratings with risperidone treatment. 4 A placebo-controlled crossover G1 + G2: 4-week naltrexone phase for cohorts 1 (50 mg daily) and 2 (150 mg daily) (ASD patients only); G3 + G4: 4-week placebo phase for cohorts 1 and 2 (ASD patients only); overall N: 018, G1 + G2 versus G3 + G4 study found that haloperidol significantly improved hyperactivity/defiance ratings, but no significant difference was found for irritability/agitation or other symptoms. 5 Although there is limited literature available on the use of risperidone in adolescents or young adults with ASD, the efficacy of risperidone in studies including mostly children was reported in our previous report to have moderate strength of evidence for the treatment of irritability/agitation, 13 which is consistent with the results of the 1 fairquality RCT and 1 poor-quality crossover study in adults with ASD. The available evidence across age groups therefore seems consistent in demonstrating positive effects of risperidone for irritability/agitation symptoms in ASD.
A number of studies of SRIs were identified but with limited consistency across studies as a whole. An RCT of fluvoxamine showed decreases in repetitive behavior, aggression, autistic symptoms, and language usage. 7 In contrast, no significant differences were observed in a crossover study of clomipramine versus placebo. 5 Three case series of SRIs were also identified, including sertraline, fluoxetine, and clomipramine, with each study reporting some benefit to treatment. [8] [9] [10] A recent study not meeting criteria for this review also contributes to the limited data on SRIs. Hollander et al 14 reported a placebo-controlled RCT of fluoxetine that included 37 individuals with ASD (mean age: 34.31 years). They found improvements in repetitive behavior and ASD symptoms in the treatment group and mild adverse events. This study used a different medication than the 1 fair-quality study in our age range, so it would be unlikely to influence the strength of evidence for a specific medication. It is possible, however, that a systematic review of SRIs in the broader age range of adults with ASD could provide data that might increase our confidence in the effect. A crossover study of the opioid receptor antagonist naltrexone found no significant improvements in problem behavior and showed worsening of stereotyped behavior with naltrexone treatment compared with placebo. 11 Based on the included studies in adolescents and adults with ASD, the strength of evidence (confidence in the estimate) is insufficient regarding adverse events associated with medications tested in this population. As in the case of efficacy, the data on adverse events associated with risperidone, including sedation and weight gain, are consistent with the strong strength of evidence for the association of treatment with these adverse events in children with ASD. 13 The available evidence therefore seems consistent in supporting our understanding of the risk of these adverse events in ASD without being limited to a specific age range. Of course, this does not mean that other medications tested in ASD are free of adverse events. It is reasonable to expect that, in contrast to efficacy, which is more likely to be specific to disorder and symptom, adverse events are more likely to extend across diverse groups of participants studied. Clinicians evaluating the evidence and sharing information with families routinely take this perspective, as does the US Food and Drug Administration, in mandating that all adverse events be listed for a drug, rather than just those for a particular indication.
As 1 example, the limited studies of adults with ASD treated with risperidone indicate weight gain as an adverse event but in too few studies to draw a clear conclusion about the strength of evidence. There is, however, high strength of evidence for weight gain in children with ASD treated with risperidone, as noted in a previous comparative effectiveness review. 13 Similarly, Cochrane reviews found substantial evidence for weight gain in adults with schizophrenia or bipolar disorder treated with risperidone. 15, 16 When the broader evidence base is considered, the consistency of these findings supports an association of weight gain with risperidone in adults with ASD, just as is true in children with ASD and adults with other disorders. This approach to assessing the evidence for adverse events is outside of the scope of this review, but similar conclusions could be drawn with respect to sedation and extrapyramidal symptoms with risperidone or haloperidol.
Future Directions
Overall, there is a dearth of evidence in all areas of care for adolescents and young adults with ASD. Basic understanding of the effects of aging on health, cognitive skills, and other domains of functioning is absent, and the lack of RCTs of medications, in which substantial adverse events may be associated with medication use in adolescence, is notable. Medication studies conducted in adolescents and young adults have focused largely on problem behaviors, and additional data are needed on medical comorbidities in adolescents with ASD. Clear evidence from earlier studies of antipsychotic agents in children supports the use of risperidone and aripiprazole in children with ASD. 13 The only fair-quality study of risperidone in adults is consistent with the findings in children, but the strength of evidence based on the adult literature alone is insufficient to draw firm conclusions. Population studies may be helpful to empirically group ASD patients according to age in a way that fosters more effective studies of treatments. Understanding the ageappropriateness of potential medication treatments as based on social, physiologic, pharmacologic, and functional characteristics of the population would help to prioritize future research, including the ways in which medical comorbidities arise or increase as children with ASD move into adolescence and adulthood. Increased use of standardized age groupings would facilitate comparisons of effectiveness within medication treatment categories as well as with nonmedical therapies. One way to support accomplishing this goal is by developing treatment networks with adequate numbers of patients of varying ages to participate in research.
Thus far, medication treatment research in adolescents and young adults with ASD has been limited to compounds that are already approved for other indications. As targeted treatments for ASD emerge, initial studies will need to focus on adult populations to establish safety before moving into studies of adolescents and finally children. Study of compounds not yet on the market could be facilitated with partnerships between the academic and pharmaceutical communities. It will be critical to consider the appropriate outcome measures and settings in which to study medication response in adults. The heterogeneity in settings for adults with ASD (eg, living at home versus a group home) is a significant impediment to assessing symptom response. Ideally, medications would be combined with an educational or psychosocial intervention that would mirror the school and therapeutic settings in which individuals with ASD show improvementsin social, communication, or behavioral function. Without some level of educational or social challenge, it may be difficult to assess medication response. Furthermore, some medications may show benefit only during critical points of development, making pediatric studies critical to assessing efficacy, even when it is necessary to first establish safety in older populations.
Research is also needed to determine whichoutcomesshould beused in future studies. The ABC is a widely used, easily repeatable, and highly sensitive outcome measure for behavioral symptoms in ASD, but it does not directly index core social communication symptoms or anxiety or mood symptoms, nor does it capture broader outcomes such as quality of life. More outcome measures are needed to allow assessment of a broader range of symptoms, particularly in individuals who may be higher functioning. No studies provide adequate information on longer-term outcomes and particularly on outcomes related to achieving goals for independence and quality of life. Substantial, foundational research should be conducted to identify and validate outcome measures in the adolescent and young adult population with ASD.
Finally, for all research in this area, we encourage greater transparency in reporting, particularly as it relates to reporting of randomization approaches, characterization of study participants, description of the intervention, and measures of fidelity and adherence. These are all necessary to understand correctly the potential impact of the interventions being reported.
CONCLUSIONS
Given the number of individuals affected by ASD, there is a dramatic lack of evidence on best approaches to therapies for adolescents and young adults with these conditions. Little evidence supports the use of medication treatments in the adolescent and young adult population. Although the studies that have been conducted focused on the use of medications to address specific challenging behaviors, the effectiveness in managing irritability and agitation in this age group remains largely unknown and can at best be inferred from studies including mostly younger children.
